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BbPXY AHCEPTANHOHEH TPY/ 32 NPUAOOUBAHE HA o0pasoBaTe/HO-HAYYHA CTeleH »dOKTOP*
ABTOp Ha IHCEPTALHOHHHS TPYA: Mar. HHK. Kpacumup Becennnos Hukonos
Tema na nucepraumonnus Tpya:
BJINSIHUE HA CTAPEEHETO BBPXY MEXAHUYHUTE CBOMCTBA
HA TIPOBHH TEJIA OT IIOJINMEPHHU MATEPHAJIN,
IIOJIYYEHHU YPE3 AJJUTUBHO ITPOU3BOJICTBO

Peuensenr: gou. a.H. AHacTac HNBanos UBanos

1. AxTyaaHocr Ha pa3paGoTBanus B AHCEPTALHOHHHUS TPYJ NPOG/IEM B HAYYHO H HAYYHO
NpUJI0KkHO oTHOmeHHe. CTeneH W HHBa Ha aAKTYyaJHOCTTAa Ha mnpobaeMa wu
KOHKPETHHTE 3a1a4H, Pa3pa0oTeHH B JUcepTALMATA.

Maructep mmx. Kpacumup Becemunon Huxonos, ¢ Haywen pwkoBomuren npod. a-p MHX.
Becemun Ileranos I[omes, IPENCTaBs MUCEPTAMOHEH TPyX ,,.Brnusuume Ha CTapeeHETO BBPXY
MEXaHHYHUTE CBOMCTBA Ha MPOOHH Tema OT TIOJIMMEPHH MaTepHalld, IMONYyYeHH OT aJUTHBHO
MPOU3BOACTBO . TpyaBT € IpsKO CBBp3aH Chbe CTpeMexka Ha ChBPEMEHHATa WHIYCTPHS 3a
BHC/pAIBAHE HA HOBU NONMMEPHH MaTEPHANH, IOJYIeHH Upe3 aTuTHBHO IIpOU3BOACTBO. KBM Te3u
MAaTepHali ce NPEABSIBAT Pa3IHYHU U3UCKBAHUS, BKIIOYUTETHO K JIOCTOBEPHA TEXHUYECKA OIL[EHKA
Ha BIIUSHHETO CTApEEHETO BBPXY (PH3MKO-MEXaHHUYHUTE HM CBOMCTBA, H Hai-Ba)XKHOTO, JOCTHTAHE
Ha TOUHO ONpEeNesHe Ha OCTaThYHATa HOCUMOCIIOCOGHOCT Ha Te3u u3neus. U JIOKaTo CTapeeHeTo
Ha MaTepHalnTe B €CTECTBEHAa pabOTHA cpeda MOXe 1a ce IIpOCJIeAsiBa B CPAaBHHUTEIHO JIBIIBI
HIEPHOL, TO YCKOPEHOTO CTapeeHe NpPEeACTaBlsBa BB3MOXHOCT 3a II0Jly4aBaHe Ha HEOOXOIUMHTE
TIOKa3aTelM B pasyMEH MHOIO II0-KpaThK HHTEpBal oT Bpeme. Topa ABTOMAaTHYHO OIpeess
TIpeNIoKeHATa pa3paboTKa B AUCEPTALIMOHHHS TPY 32 H3KIIOUHTENHO aKTyalHa.

PaspaGoTBaneto Ha creHmoBe 3a W3nMTBaHe Ha CTapeeHe, KaKTO M CBBP3aHHUTE C TOBA
METOMKH 3a ONpENesIiHEe M OLECHKA Ha (U3HKO-MeXaHHUYHUTE XapaKTepUCTHUKU Ha HM3IHUTBAHHTE
TIOJIMMEPHH aIHTUBHU MaTEPHAIM € aKTyaJlHa 33/]a4a, KOATO € CBBP3aHa C OrpOMHA IpeIBApHTETHA
Hay4HO-M3ClIeIOBAaTE/ICKa M BHEJPUTENCKa HedHocT. Tasu 3amaua e HHTEPAUCUHUIITIMHAPDHA H
M3UCKBA TCOPETHYHH M IPAKTHYHH 3HAHUS OT Pa3IMYHH 001acTH, KaTo MaTeMaTHKa, ¢busnka,
XUMHA, — MaTepuallo3HaHHe, TEOPETHYHA MeXaHHKa, CRIIPOTHBIICHAE ~HA  MaTepHAIINTe,
CICKTPOTEXHHKA, €NIEKTPOHHMKA, KOMIIOTbPHA TEXHHKA, COPTyepHH H XapmyepHu HaykKH W

IIpOrpaMHUpaHe.



CrerieHTa 1 HUBOTO Ha aKTyaJHOCTTa Ha MpobieMa, pa3paboTeH B AMCEPTALMOHHHS TPy, B
Hay4HO ¥ HayYHO-IIPHJIOXKHO OTHOIIEHHE, € H3KIIOYUTEIHO BHCOKA U TS C€ YCTAHOBSABA U JOKa3Ba
OT SICHO hpOpMyJIMpaHaTa e ¥ OT TaM JIOTHYHO Ae)UHUPAHHUTE U BIIOCIIEACTBHE PEIICHHU 3a1a4H.

2. CreneH Ha mO3HAaBaHe CHCTOSIHHETO HA MPoGjeMa H TBOPYECKA MHTEpHpeTALHS Ha
JHTEePATYPHHS MaTepHAaJL.

JucepraoHHUAT TpyH € ¢ 00eM 120 cTpanumu, KoiTo BKIO4Ba 4 riiasu, 77 durypu, 18
Tabnuy, 100 uATHpaHy IMTEPaTYPHH U3TOYHHUIM, OT KOUTO 4 Ha KMPUIMIA (TOBA ca CTaHJApTH), a
BCHYKH OCTaHIH - Ha JATHHMI@. IpaBu OTIMYHO BNeyaTIeHHe OOIIMPHHSA JUTEpaTypeH 0630p,
Ko#To obxBaiua 37 CTpaHULM ¢ UUTUpaHu 78 nuTeparypuu uzroununu (78 %). Toit e paszelieH Ha
4 ocHoBHH naparpacda, BCEKH €IMH OT KOUTO 3aBbpIIBA C H3BOMH.

B maparpad 1 ca pasrmenann MexaHWYHHTE CBOMCTBA Ha NPOGHH TeNa OT IHOJMMEPHH
Matepuai. Tyk YUTATeNsT HEYCETHO M C HApaCTBAIO TEMIIO Ce BBBEXIA B IPo6IeMaTHKaTa KaTo
ce nepuHUpaT BaXHU NMOHATHSA, Karto ,,bbp30 mpororunupane”, ,,2]1 IIPUHTHpPAHE" U ,,AIUTUBHO
npou3BoACTBO”. OmucBa ce MOAPOGHO CeleM BUIA aIUTHBHU TEXHOJOTHH, a 3a NOJHMEpHHTE
MaTepHaH, IIeT pa3HOBUIAHOCTH, & UMEHHO, ,,Cb0BO (OTOPEaKTHBHU, »,Marepuan-BopbcKBamm‘,
,»AKTHBAaTOP-BIIPBCKBAIIH ", ,,MaTepuan-noxaBaum u ,,[Ipaxoo-nocrensu®. B nox-naparpadu ce
pasriexnar MmoApoOHO IBeTe Hal-BaXXHM aIUTHBHH IIPOU3BOICTBA — , MaTepHal-IoaBaiio
aJJUTHBHO IIPOM3BOJCTBO® CBC CBOATa HAH-ITHPOKO Ppa3lpOCTPaHEHA TeXHOJOrus ,Humkoso
ekcTpyauBHO u3rpaxzaane (Fused Deposition Modeling) u ,,IIpaxoBO-HOCTENHO aqUTHBHO
IPOU3BOJACTBO®, CBIIO C JBETE CH MAacOBH (OPMH, KaTo ,»/I30MpaTenHo J1a3epHO CHUHTEpOBaHE™
(Selective Laser Sintering) u ,,Muoromnomeso ciausane (Multijet Fusion).

IMaparpa 2, KOHTO CYMTaM 3a OCHOBEH, ca pasryeaHH MOAPOGHO BBHIPOCHTE CBBP3AHH ¢
M3MCHCHHETO Ha (QH3MKO-MEXaHHYHUTE CBOKCTBA Ha NIPOGHHM Tela OT IOJTMMEPHH MATEpHAIH IpH
€CTECTBEHO U YCKOPEHO CTapeeHe. BeBex/iar ce moHaTHs, KaTo ,,Y CKOPeHo cTapeeHe”, ,, ArpecHBHH
CKCIIIOATAlHOHHK ycioBus™. JlepuHupa ce M BpB3KaTa MEXAYy E€CTECTBEHOTO M YCKOPEHOTO
CTapecHe ¢ IOMOIITa Ha YpPaBHEHHETO Ha Arrhenious ¢ HeroBHTe MOAMGUINPAHA BEPCHH, KAKTO U
upe3 KoeduuuenTa Ha yckopsBane “k”. Pasriiemann ca moapoGHO TpHTe Haif-BaXKHH dakropa,
KOUTO Ce€ H3MOJ3BAT HPH YCKOPEHOTO CTapeeHe — TeMIleparypa, BiaXHocT W UV bueHue Ha
npobun Tenma or Ilommamun (PA6 u PAI12), AKpunoHHTpUI-OyTanueH-ctuped  (ABS),
Homunpomnunen (PP), Ilomnakrun (PLA), Tlomernnen-repadranar-raukon (PETG) . Omucsar ce
M3MEHEHHATA Ha KPUBHTE Ha IeopMalys Ha Te3U MPOTOTHIIH, MOAIOKEHH Ha YCKOPEHO CTapeeHe
NP pa3jMYHM BapHaHTH Ha PEIyBallM Ce LHUKIM, BKIIOYBAIIM TeMIleparypa, BiaxsHocT u UV
JTBbYEHHE.

B maparpa¢ 3 ca pasriexanu 5 cTannapra 3a M3IHTBAaHE Ha CTAapeeHe H ONBH — IIbPBHS 110

BJIC, a ocrananure o BJIC, EN u ISO.



B maparpa¢ 4 ca pasrienanu amapaTypuTe 3a W3NMTBAHE HA CTapeeHe W HA OIBH, KAKTO
HAJIOXKUIUTE CE B CBETOBHATA IPAKTHMKA, Taka U 3 HAJIMYHH amapaTypH, cOOCTBEHOCT Ha KaTeapa
»Mexanuka“ u TY-Codus, a ©IMeHHO, kKamepa 3a YCKOPEHO CTapeeHe upe3 BOJHA MBIJIA, CHCTEMA
3a U3MUTBAHE HA OITbH, MAIlIMHA 3a M3IIUTBAHE Ha O'bH — Zwick 1474.

1 xaro ¢unan Ha OOCTOHHMSA JNHTepaTypeH 0630p, JUCEpPTAHTHT € bopMynHpan creraTo
LenTa Ha JMCEPTAlMOHHUS TPYH, a UMEHHO, 1a Ce M3CIEIBA BIMSAHHETO HA CTAPEEHETO BHPXY
MEXaHMYHUTE CBOMCTBA Ha MpoOHHU Tena ot ITommamun 12 (PA12), momydeHn upes TeXHOIOTHATA
MHoromiaomuo ciuBaHe (Multuijet Fusion — MIJF) ¢ nocnempamu 7 OCHOBHH 3amaud 3a
IIOCTUTAHETO H.

JlaBaM Hali-BHCOKa OLEHKa II0 OTHOLIEHHE CTENeHTa HA IO3HABAHE CBHCTOSHHETO HAa
npo0ieMa ¥ TBOpYECKaTa HHTEPIIPETALUs Ha INTEPATYPHUS MaTepHAL.

3. CnborBercTBHE Ha M30PAHATA METOIHMKA Ha H3CJeABAHE ¢ MOCTABEHATA e M 3a1aYH
Ha IHCepTALHMOHHUS TPY/L.

V30panara MeTouKa Ha M3CiieIBaHe HAIIBIHO CHOTBETCTBA HA MOCTABEHATA IIe] M 3a/[a4H HA
AUCEPTAlOHHUS TPy.. Ts ce 0OCHOBaBa Ha eKCIIEpUMEHTAJIEH MOAXO, BKIIOYBAIL IIPOEKTHpaHe U
pa3paboTBaHE Ha CHENUATH3UPAHH O0pa3LH, CTEHIOBE M CHCTEMH, C KOHTO Ce IIPOBEXIAT
U3CJIEAIBAHMUATA 32 €CTECTBEHO M YCKOPEHO CTapeeHe, MPOBEXIaHEe Ha MEXaHHYHH W3IUTBAHHUS H
TOCTIe/IBALIl CPABHUTEJICH aHAIM3 Ha ITOJIYYeHHUTE PE3yITaTH.

M3bpanara MeroauKa o6XBalla MOATOTOBKA M H3MHTBaHe Ha 06pasiy ot PA12, npoussenenu
upe3 MJF, uscnespane Ha BIMSHHETO Ha pa3iuYHATE (DAKTOPH Ha CTapeeHe, EKCIIEPUMEHTAIIHO
onpefelisiHe Ha GU3NKO-MEXaHHYHH XapaKTEPHCTHKA Ha 0OpasIUTe, aHAIN3 M CHIOCTABKA MEXTY
€CTECTBEHOTO M YCKOPEHOTO CTapeeHe Ha ONUTHHTE 00paslM, KaKTo M pa3pabGoTBaHE Ha MOZIE] H
METO/IMKa 3a NPOTHO3HpaHe Ha Jerpajanydsara Ha MaTepuaiga. M3MOI3BaHUAT METONOJOrHYEH
OZIXOX € JIOTHYECKH MOC/IEN0BATENICH U € JI0BEN 0 MOJIy4aBaHETO Ha AOCTOBEPHH PE3YJITATH C
Hay4YHO-TIPUJIOXKHA U IPAKTHYECKA 3HAYUMOCT.

Kpaiinure pesynratd OT BCHYKH E€KCIIEDHMEHTH M CBBP3AaHHTE C TSX AHAIM3H, U3BOJH,
3aBUCHMOCTH, IIPOTHO3H, METOJMKH, M M3IBIHEHHETO HAa BCHYKH NOCTABEHH 3aJaud MH JaBaT
OCHOBaHME Ja 3aKJIF0Ya, Y€ H30paHaTa METoJuKa Ha H3CJI€IBaHE € yCIeNIHa.

4. KpaTka aHAIMTHYHA XapAKTEPHCTHKA HA €CTECTBOTO H OIEHKA Ha JAOCTOBEPHOCTTA HA
MaTepHaJia, BbPXy KOHTO ce rpajsiT IPHHOCHTE HA JHCEPTALMOHHHS TPY/I.

JlucepralliOHHUAT TpyZH € pa3paboTeH BBPXY eKCIEpHMEHTANHA 6a3a ¢ BHCOKA CTENeH Ha
NPENCTaBUTENHOCT. Tsi oOXBamla KOMIIEKC OT M3MHTBAHHS IIPH YCJIOBHS Ha eCTECTBEHO H
YCKOPCHO CTapeeHe, pealM3MpaHd Ype3 CICLHANHO pa3paboTeHH OMMTHH 0Opasiy, MOCTAHOBKH,
METOJMKH, MOJCPHU3MPAHH CHCTEMH 3a H3MHTBAHE, Ch3[aBaHE Ha CIICLHANM3UPaH copTyep H

Xapayep 3a aHalW3 Ha IOJIyYCHHUTE pe3YJITaTH. I/ISB’prICHI/I ca 3aIbI00YeHH H3CJICABAaHUA Ha



ACTpajallHOHHUTE HponecH B 06pasuu ot IMommamup 12 (PA12), mpoussenenu [IOCPEACTBOM
TEXHOJIOTHATA MHOTOIUIONIHO ciuBaHe (Multijet Fusion (MJF)). Hayunara JIOCTOBEPHOCT Ha
TOJTyICHUTE PE3YITAaTH CE ONPE/ENs OT H3IOI3BAHETO HA a[IeKBAaTHA METONMKA, OT M3BBPIICHHTE
IPEIU3HA  CKCICPHMCHTH, OT TOYHO M3MEPEHHTe MapaMeTpH, OT OTJIMYHaTa o6paGoTka Ha
NOJIyYCHUTE [aHHM W Iep(eKTHaTa BB3MPOU3BOIAUMOCT M CHIOCTABUMOCT HA pesynTarture.
VI3BBpIICHUAT aHAMU3 € MO3BONMI 1A C€ yCTAHOBAT KOIMYECTBEHH M KAYESCTBEHH 3aBHCHMOCTH
MEXy CTETICHTA HA CTApeCHE M N3MEHEHHETO Ha MEXaHMYHHTE XapaKTEepPHCTHKH HA MaTepHaa,
KaKTO M J1a €€ Ch31a/le MOZIEN 3a NPOTHO3UPAHE Ha JeTPaflalliOHHKTE IpoIech. Bs3 ocHOBa Ha ToBa
MOTa ¢ OCHOBAHHE Ja 3aKJI04a, 1€ MaTepHana, BbPXy KOUTO Ca M3rpafieHH HaydHO-IPHIOKHHATE H
NPUJIOXKHH IPHHOCH HA TUCEPTALIHOHHAS TPY/ € HaYYHO 0GOCHOBAH M JIOCTOBEPEH.

S. Hay4Hu u/uiu HayIHO NPHJIOKHH IIPUHOCH HA JHCEPTALMOHHUS TPYyA.

JlucepTanThbT € GopMysHpan CefeM IPUHOCA OT HAYYHO-IIPHIOKEH H IPHIIOXKEH XapakTep.
IIpuemam ru HamBIHO, HO MHCIIA, Ye XyGaBo 61 6HIIO 1a ce 060co6AT B IBE pa3IM4YHH IPYIIH.

Hanpumep, Hay4qHO-TIIPUIIOKHHUTE TIPHHOCH J1a Ca CJIETHHUTE:

1. Paspaborena e MeTonmMka 3a OIpejeNsHE HA yCIOBHATA IpaHMlla Ha IpOBJAa4YBaHE Ha
TIOJIMMEPHH MaTepUaIH C TOJIEMH HEJIMHEHHH eTaCTHYHH Je()OPMAIHH.

2. HampaBeHa e Bpb3ka MEXIy €CTECTBEHOTO CTapeeHe W YCKOpPeHOTO cTapeeHe ¢ UV
JBYCHHUE U NIEPHOAUYHO MOTAISIHE BBB BOJA.

3. PaspaGotena e MeToaMKa 3a IIPOTHO3UPaHE Ha IBIG0YMHATA HA Jerpajalys Ha MaTepuaia.
IlokasaHo e xak MoxXe 1a ce M3I0/I3Ba 3a NPOTHO3MPAHE HA BIMSHUETO Ha CTapeeHeTo BBPXY
SIKOCTTA Ha OI'BH Ha KOHCTPYKLMOHHH €JIEMEHTH C Pa3IMYHO HAIIPEYHO CEeYEHHE.

IIpunoxxHUTE IPUHOCH J1a ca OCTAHAIIHTE, @ UMEHHO:

4. Ilpoextnpana u u3paboTeHa e CTOHKa 3a eKCIIOHMpaHe Ha INpOOHHU TeNa B €CTECTBEHH
KIIMMaTH4HH yciioBHA. PaspaboTena e MeToauka 3a M3nuTBaHe ¢ Hed.

5. Ilpoextnpana u u3paGoTeHa € MalUMHA 3a YCKOPEHO crapeeHe ¢ UV npuenne u
NIEPHOJMYHO NOTAalsIHE BBB Boja. PazpaboreHa e MeTo1uKa 3a H3MUTBaHE C Hes.

6. MonepHu3upana € HaIMYHA CHCTEMA 32 M3IHTBAHE Ha OITBH. Paspabotena e Meromuka 3a
paborTa c Hesl.

7. OnpezenieHs ca MeXaHMYHHTE CBOMCTBA Ha MPOGHHM Teja, KOUTO HE ca IMOMIOKEHH Ha
CTapeeHe U Ha IPOOHUTE Tela ¢ pa3uyHa CTENEH Ha CTapeeHe.

He3zaBucumo oT ToBa, Te3U PUHOCH OTpa3sABAT OGEKTHBHO MOCTHIHATHTE B JUCEPTAHOHHHUS
TPy pe3yNTaTH. '

6. Onuenka 3a cTeneHTa Ha JIMYHOTO y4ACTHE HA JHCEPTAHTA B NPHHOCHTE,
K®M npuioxenure myGauKalMu 0 JUCEPTALMOHHHS TPy, HE € IPUJIOXKEH IIPOTOKOJ 3a

CTCIICHTA Ha y4aCTHEC Ha JUCEpTaHTA. HpHCMaM, 4€ THCEPTAHTHT € IOJIydyaBall IIOMOII[ OT CBOS



Hay4eH PbKOBOJHTEN, KAKTO M OT JPYTd KOJIETH, HO TOBA HE HaMajsBa HU Haif-MaJIKO CTeleHTa Ha
JTMYHOTO MY y4acTHE.
7. Ilpenenka Ha MyOJMKALMHTE 10 JHCEPTAUMOHHHS TPY/I.

JlMcepTaHTBT € NpEeACTaBHI TPH MyOIMKanuu mo Temara. ExHa or Tax e Ha Gbarapcku, a
ApYTHTE Ha aHTIIMHCKH e3UK. Te ca B ChaBTOPCTBO C HAayYHHS My PBKOBOIUTEN M JPYTH KOJETH,
KaTo Ha BCHYKUTE CTATUU TOH € BOEI H3CIIeI0BATE]L.

[IepBarta paGora e myOnukyBana B COopuuk mokmamuy ISSN 1313-955X Ha Hay4Ha
KoH(epenuwus ,,bynTpanc-2020“, Coszonoi, 10-13.09.2026 r.

HApyrure nse ca my6nukysanu B ciucanne Journal of the Balkan Tribological Association,
npe3 2024 u npe3 2025 roguHa, KaTo CIMCAHUETO € HHAEKCUPAHO B Scopus.

Karo xonuyecTBeH mokasaresn qMCEPTaHTHT MOKPUBA HEOOXOTMMHS MUHUMYM.

8. Msmo.a3BaHe Ha pe3yJTATHTe OT JMCEPTALMOHHMSI TPy B HAYYHATA H CONMAIHATA
NpPAaKTHKA.

Pesynrarure OT IMCEPTaMOHHMS TPYA HAMHpPAT MPSKO HPHIOKEHHE B AJUTHBHOTO
IPOU3BOJCTBO ¥ 3D NPUHTHPAHETO - HHOBATUBHH TEXHOJOTHH, Pa3BUBAILH Ce aKTHBHO omie oT 80-
T€ TONMHM HAa MMHAIMA BEK M Oa3sHpaHH Ha M3MOJ3BAHETO HA PA3HOOODA3HH IMOIUMEPHH
Marepuany. M3cieIBaHeTo Ha IOBEJEHHETO HA TE3H MaTePHAIM IIPH YCKOPEHO CTapecHe M
NpOC/NEASBaHETO Ha IPOMEHUTE BBB (U3MKO-MEXaHMYHHTE UM XapaKTEpPHCTHKH Ch3IaBar
IPEANOCTaBKA 332 YCHBBPUICHCTBAHE Ha IIPOLECUTE II0 MPOEKTHPAHE, KOHCTPYHpaHe H
paspaboTBaHe Ha CHBPEMEHHH CTEHIOBE, MAllMHH M amapaTypa 3a H3IMTBAaHE HA SKOCT H
nedopmanuu.

Hayynute pesynrarn OT AuCepTaUMOHHHMA TPYyA MOrar ja ObBIAT W3ION3BAHH IIPU
Ch3/1aBaHETO Ha HHOBATHBHH IIOJIMMEPHH MATEpPUANIH C BUCOKA YCTOHYUBOCT Ha CTapeeHe, KOMTO Ja
OCHTYPSIT MO-100pH €KCIUIOATAllMOHHH II0KA3aTeNd W MO-IbIBI JKM3HEH IMKBI HA H3IeIHITa B
Pa3IMYHU MH)XEHEPHU IIPHIIOXKEHHS.

OcblnectBeHa € Kopenauus MeXTy NpOLNECHTE Ha E€CTECTBEHO CTapeeHe M YCKOPEHO
crapeene, peanusupano ype3 UV obapuBaHe M MEPHOANYHO IOTANsHE BBB BOJA, KOETO IO3BOJIABA
Mo-3a/(bI00YEHO H3C/e/BAHE HA METpalalliOHHHTE MEXAaHW3MH B IOJMMEPHHTE MaTepHAIIH.
PaspaGoTeHa e MeToKKa 3a IPOTHO3UPAHE Ha JBIOOYHHATA Ha MaTepUaTHaTa Jerpafalis, Kato e
JE€MOHCTPHPaHa Bb3MOXKHOCTTA 32 HEHHOTO IPHUIIOKEHHE NIPU OLIEHKA M NPOrHO3UPAHE BIIMSHHETO
Ha CTapeeHETO BBPXY AKOCTTA HA ON'BH HAa KOHCTPYKTHBHH €JIEMEHTH C Pa3jiM4HA F€OMETPHS H

HaIIp€4HO CCUYCHHUC.



9. Ouenka Ha CHOTBETCTBHETO HAa ABTOpedepaTa ¢ H3UCKBAHHUSATA 32 H3TOTBSHETO My H
a[IeKBATHOCT HAa 0TPa3siBaHe HA OCHOBHHTE MOJIOJKEHHS H IPHHOCH.

ABropedepaThT OTpA3Ba OTIMYHO OCHOBHMTE pa3paGOTKH, MOCTHIKEHHS H IIPUHOCH B
JHcepTanusaTa, KaTo pa3dupa ce, € CIa3eHO HM3MCKBAHETO Ja HE HaJBHIIABa 32 crpanu. U
HE32aBUCUMO OT TOBAa OrpaHMYEHHE, YUTATENAT MOXKE HANBIHO Ja NpUAoOHe MpeacTaBa oT
CBIIHOCTTA HA JUCEPTALMSATA TOPAa¥ KOETO OLIEHKAaTa MU TYK € Hal-BHCOKA.

10. MHenusl, IpenopbKH U 0eJIeKKH.

IIpencraBeHusT MCEPTALMOHEH TPY/, KATO LIIO, € Ha BUCOKO HAYYHO-TIPHJIOKHO HUBO. Toii
Ce paslpOCTHPa B HAKOJKO HAYYHH 007AacTH. B TO3M CMHCBI TPYABT € MHTEpAMCHMIUIMHAPEH U
TOBA, CIIOPE/l MCH, € H3KITIOYUTEITHO IIEHHO U IO H3/JUra Ha CBETOBHO PABHHIIE.

JlMcepTaHThT € MOoIy4H)I MHOTO 106pa MoJKpena OT CBOS HaydeH PhKOBOIMTEN, KOHTO o e
U3BeJl B MHOTO HHTEPECHa M MHOBATHBHA 00JIACT, B KOATO MHOTO MAalKO GBITapCKH YUEHH ca ce
3aHMMaBand. ToBa My 1aBa BB3MOXHOCT JIa C€ pa3BHe I0-HATATHK YCKOPEHO B HAYYHO ECTECTRO.

PaspaGorenure nmpoGnemu B qucepTanusiTa He ca u3uepnany. Te Guxa MO 1a ce JIOpa3BUSAT
¥ a3 CbM yOeJieH, Ye NUCEPTaHTBT IIe IPOIBIDKH a paboTH ¢ eHTYCHA3EM.

K'sM Taka npencraBenus 3a perieH3HpaHe JUCepTAMOHEH TPyl HMaM caMo e/IHa 3a0e/IexKKa.

Ha ctpanuua 33 ce 3a6ens13Ba noBTOpeHye Ha euH 11 naparpad ot 12 pexa.

Texuuyeckoto opopmieHHe HAa KHIKHOTO TSsUIO, TeKCT, (GHUrypH, rpadukH, Tabiuim,
(bopMyIH H T.H. ca U3PAMHO U3TOTBEHH.

Teit xato B nmucepTanyuATa Ce H3MON3Ba MHOrO Gorara rama OT TEPMHHH, XHMHYHH
O3HAYEHHS, TEXHOJOTHYHH NIPOLECH, KOUTO 3BYYaT 10 JoOpe Ha aHIJIHICKU €3uK, 6M GHIIO yaadHo
Ja ce Jaje olle B CaMOTO Ha4aJlo Ha TPyJa CIHCBK C HU3MON3BAHHUTE CHKPALIECHUS H IBIHHTE UM
Ha3BaHUS.

Te3u 3abenexKu U IPETIOPHKH HH Hal-MaJIKO He H3MEHST MOSTA OIIEHKA 33 06Pa30BATENHOTO
M Hay4IHO-NIPHIIOKHO IIOCTHXEHHE HAa KaHJU/aTa B IUCEPTALIHOHHHUS TPY/I.

11. 3akn0yenue

Crnex xato NpOYETOX MPENCTABEHUS MH 3a PEelieH3UpaHe NUCEepTallMOHeH TPy , Biusuue Ha
CTapeeHeTO BbPXy MEXaHHYHHTE CBOMCTBA HA MPOGHHM TeNa OT IOJHMEPHH MATEPHANH, TIOTy4eHH
OT MOJMMEPHH Marepuajiu®, KOHCTaTHpax M3NbIHEHHE Ha Habels3aHaTa OCHOBHA L€l MU
CBBP3aHMTE C Hes 3a/jaud, OJOOpHX (OpMylMpaHHTE NPHHOCH, 3all03HAX CE C IPHIOKEHHUTE
Hay4HH IyOJIMKaLMK ¥ HIUTHPAHUS, KOHCTATHPaX CJIETHOTO:

1. W3nbiHeHM ca BCHYKH M3MCKBaHHsS Ha 3aKOHA 3a Pa3BHTHE HA aKaIeMHYHUS CHCTAB B

PenyGnuka Beirapus u crotBeTHUs [IpaBuiHuK;
2. MsmbnHenu ca u3uckBaHuATa Ha IIpaBHIIHHKA 3a YCIIOBHATA M pea Ha npunoOuBaHe Ha

Hay4HU cTenenu B Texuudecku yHuBepcureT — Codus.



ETo 3amo, ¢ Mb/1HO OCHOBAHHE U HAIIBIIHO yOEIEHO, IpeIaram:

Ha wmar. umx. Kpacumup BecemunoB HukonoB na ce mpucsoum Hayuno-oGpasoBarennara
crenen ,,JJOKTOP* B obmact Ha Bucme obpazoBanue 5 TexHuuecku HayKd, Npo¢ecHOHaIHO
Hanpapienue 5.1. MaluHHO MHXEHEPCTBO M HaydHa crnenuanHocT ,,CTPOHTENHA MEXaHHKA H

CBIIPOTHUBJIEHUE HA MaTepHaJIuTe .

JHara: 21.05.2026 .
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1. Relevance of the problem developed in the dissertation in scientific and scientifically
applied terms. Degree and levels of relevance of the problem and the specific tasks
developed in the dissertation.

Krasimir Veselinov Nikolov, M.Sc. Eng, with scientific advisor Prof. Dr. Eng. Veselin
Tsvetanov Tsonev, presents a dissertation titled ,,Influence of aging on the mechanical properties of
polymer specimens produced by additive manufacturing®. The work is directly related to the desire
of modern industry to implement new polymeric materials obtained through additive
manufacturing. Various requirements are placed on these materials, including a reliable technical
assessment of the effect of aging on their physical-mechanical properties, and most importantly,
achieving an accurate determination of the residual load-bearing capacity of these products. While
the aging of materials in a natural working environment can be tracked over a relatively long
period, accelerated aging represents an opportunity to obtain the necessary indicators in a
reasonably much shorter time interval. This automatically determines the proposed development in
the dissertation to be highly relevant.

The development of test benches for aging testing, as well as the related methodologies for
determining and evaluating the physical-mechanical characteristics of the tested polymer additive
materials, is a topical task associated with enormous preliminary research and implementation
activities. This task is interdisciplinary and requires theoretical and practical knowledge from
various fields, such as mathematics, physics, chemistry, materials science, theoretical mechanics,
strength of materials, electrical engineering, electronics, computer engineering, software and
hardware sciences, and programming.

The degree and level of relevance of the problem developed in the dissertation; in scientific
and scientifically applied terms, is extremely high, and it is established and proven by the clearly

formulated goal and, from there, the logically defined and subsequently solved tasks.



2. Degree of knowledge of the state of the problem and creative interpretation of the
literature material.

The dissertation has a volume of 120 pages, which includes 4 chapters, 77 figures, 18 tables,
and 100 cited literary sources, 4 of which are in Cyrillic (these are standards), and all the rest are in
Latin script. The extensive literature review makes an excellent impression, covering 37 pages with
78 cited literary sources (78%). It is divided into 4 main sections, each of which ends with
conclusions.

Section 1 discusses the mechanical properties of specimens made of polymeric materials.
Here, the reader is seamlessly and at an increasing pace introduced to the subject matter as
important concepts such as "Rapid Prototyping", "2D Printing", and "Additive Manufacturing" are
defined. Seven types of additive technologies are described in detail, and for polymer materials, five
varieties are detailed, namely: "Vat Photopolymerization", "Material Jetting", "Binder Jetting",
"Material Extrusion", and "Powder Bed Fusion". In subsections, the two most important additive
manufacturing processes are examined in detail — "Material Extrusion additive manufacturing" with
its most widespread technology "Fused Deposition Modeling" (FDM) and "Powder-bed Fusion
additive manufacturing”, also with its two mass forms, "Selective Laser Sintering" (SLS) and
"Multi Jet Fusion" (MJF).

Section 2, which I consider fundamental, discusses in detail the issues related to the change in
the physical-mechanical properties of polymer specimens during natural and accelerated aging.
Concepts such as "Accelerated aging" and "Aggressive operating conditions" are introduced. The
relationship between natural and accelerated aging is defined using the Arrhenius equation with its
modified versions, as well as through the acceleration factor "k". The three most important factors
used in accelerated aging — temperature, humidity, and UV radiation of specimens made of
Polyamide (PA6 and PA12), Acrylonitrile Butadiene Styrene (ABS), Polypropylene (PP),
Polylactide (PLA), and Polyethylene Terephthalate Glycol (PETG) — are examined in detail. The
changes in the deformation curves of these prototypes subjected to accelerated aging under different
variants of alternating cycles involving temperature, humidity, and UV radiation are described.

Section 3 examines 5 standards for aging and tensile testing — the first one according to BDS
(Bulgarian State Standard), and the remaining according to BDS, EN, and ISO.

Section 4 reviews aging and tensile testing equipment, both those established in global
practice and 3 available pieces of equipment owned by the Department of Mechanics and TU-Sofia,
namely: an accelerated aging chamber via water mist, a tensile testing system, and a ténsile testing
machine — Zwick 1474,

As a conclusion to the comprehensive literature review, the PhD candidate has concisely

formulated the goal of the dissertation, namely, to investigate the influence of aging on the



mechanical properties of specimens made of Polyamide 12 (PA12) obtained through Multi Jet
Fusion (MJF) technology, followed by 7 main tasks to achieve it.

I give the highest rating regarding the degree of knowledge of the state of the problem and the
creative interpretation of the literature material.

3. Correspondence of the chosen research methodology with the set goal and tasks of the
dissertation.

The chosen research methodology fully corresponds to the set goal and tasks of the
dissertation. It is based on an experimental approach involving the design and development of
specialized specimens, test benches, and systems used to conduct natural and accelerated aging
studies, performing mechanical tests, and a subsequent comparative analysis of the obtained results.

The chosen methodology covers the preparation and testing of PA12 specimens produced by
MJF, investigation of the influence of various aging factors, experimental determination of
physical-mechanical characteristics of the specimens, analysis and comparison between natural and
accelerated aging of the test specimens, as well as the development of a model and methodology for
predicting material degradation. The methodological approach used is logically consistent and has
led to obtaining reliable results with scientific-applied and practical significance.

The final results of all experiments and the associated analyses, conclusions, dependencies,
forecasts, methodologies, and the fulfillment of all set tasks give me reason to conclude that the
chosen research methodology is successful.

4. Brief analytical characterization of the nature and evaluation of the reliability of the
body of work on which the contributions of the dissertation are built.

The dissertation is developed on an experimental basis with a high degree of
representativeness. It covers a complex of tests under natural and accelerated aging conditions,
realized through specially developed test specimens, setups, methodologies, modernized testing
systems, and the creation of specialized software and hardware for analyzing the obtained results.
In-depth studies of degradation processes in Polyamide 12 (PA12) specimens produced by Multi Jet
Fusion (MJF) technology have been carried out. The scientific reliability of the obtained results is
determined by the use of an adequate methodology, the precise experiments performed, accurately
measured parameters, excellent data processing, and perfect reproducibility and comparability of
the results. The analysis performed has allowed establishing quantitative and qualitative
relationships between the degree of aging and the change in the mechanical characteristics of the
material, as well as creating a model for predicting degradation processes. Based on this, I can
reasonably conclude that the body of work underpinning the scientific-applied and applied

contributions of the dissertation is scientifically sound and credible.



S. Scientific and/or scientifically applied contributions of the dissertation.

The PhD candidate has formulated seven contributions of a scientific-applied and applied
nature. I accept them completely, but I think it would be good to separate them into two different
groups.

For example, the scientific-applied contributions could be the following:

1. A methodology has been developed for determining the proof strength of polymer

materials with large non-linear elastic deformations.

2. A link has been established between natural aging and accelerated aging with UV
radiation and periodic immersion in water.

3. A methodology has been developed for predicting the depth of material degradation. It has
been shown how it can be used to predict the influence of aging on the tensile strength of
structural elements with different cross-sections.

The applied contributions are the remaining ones, namely:

4. A rack for exposing specimens to natural climatic conditions has been designed and
manufactured. A testing methodology using it has been developed.

5. A machine for accelerated aging with UV radiation and periodic immersion in water has
been designed and manufactured. A testing methodology using it has been developed.

6. An existing tensile testing system has been modernized. A methodology for operating it
has been developed.

7. The mechanical properties of specimens not subjected to aging and of specimens with
various degrees of aging have been determined.

Regardless, these contributions objectively reflect the results achieved in the dissertation.

6. Assessment of the Degree of the Candidate's Personal Participation in the
Contributions.

No protocol on the degree of the candidate's contribution has been attached to the submitted
publications on the dissertation. I assume that the PhD candidate received assistance from his
scientific advisor, as well as from other colleagues, but this does not in the least diminish the degree
of his personal participation.

7. Evaluation of Publications on the Dissertation.

The candidate has presented three publications on the topic. One of them is in Bulgarian, and
the others are in English. They are co-authored with his scientific advisor and other colleagues, and
he is the leading researcher on all articles.

The first work is published in the Proceedings ISSN 1313-955X of the Scientific Conference
"BulTrans-2020", Sozopol, 10-13.09.2026.



The other two were published in the Journal of the Balkan Tribological Association in 2024
and 2025, with the journal being indexed in Scopus.

As a quantitative indicator, the candidate covers the required minimum.

8. Application of the Dissertation Results in Scientific and Social Practice.

The results of the dissertation find direct application in additive manufacturing and 3D
printing — innovative technologies that have been actively developing since the 1980s and are based
on the use of various polymeric materials. The study of the behavior of these materials under
accelerated aging and the tracking of changes in their physical-mechanical characteristics create
prerequisites for improving the processes of design, construction, and development of modern test
benches, machines, and equipment for testing strength and deformation.

The scientific results of the dissertation can be used in the creation of innovative polymeric
materials with high resistance to aging, which would provide better performance and a longer
lifecycle of products in various engineering applications.

A correlation has been established between the processes of natural aging and accelerated
aging realized through UV irradiation and periodic immersion in water, allowing for a more in-
depth study of degradation mechanisms in polymeric materials.

A methodology for predicting the depth of material degradation has been developed,
demonstrating the possibility of its application in evaluating and predicting the influence of aging
on the tensile strength of structural elements with different geometries and cross-sections.

9. Assessment of the conformity of the author’s summary with the requirements for its
preparation and adequacy of reflecting the main points and contributions.

The author’s summary perfectly reflects the main developments, achievements, and
contributions in the dissertation, while, of course, respecting the requirement not to exceed the
prescribed extent (32 pages). Regardless of this limitation, the reader can fully gain an idea of the
essence of the dissertation, which is why my rating here is the highest.

10. Opinions, Recommendations, and Notes.

The presented dissertation, as a whole, is at a high scientific-applied level. It spans several
scientific fields. In this sense, the work is interdisciplinary, and this, in my opinion, is extremely
valuable and raises it to a world-class level.

The candidate has received very good support from his scientific advisor, who has guided him
into a very interesting and innovative field in which very few Bulgarian scientists have worked.
This gives him the opportunity to further develop rapidly in a scientific capacity.

The problems developed in the dissertation are not exhausted. They could be further
developed, and I am convinced that the candidate will continue to work with enthusiasm.

Regarding the dissertation presented for review, I have only one comment.



On page 33, a repetition of an entire paragraph of 12 lines is noticed.

The technical layout of the hard copy, text, figures, charts, tables, formulas, etc., are
impeccably prepared.

Since the dissertation uses a very rich range of terms, chemical notations, and technological
processes that sound better in English, it would be appropriate to provide a list of used
abbreviations and their full names at the very beginning of the work.

These comments and recommendations do not in the least alter my evaluation of the
candidate's educational and scientific-applied achievement in the dissertation.

11. Conclusion

After reading the dissertation presented to me for review, "Influence of aging on the
mechanical properties of polymer specimens produced by additive manufacturing” I noted the
fulfillment of the set main goal and its related tasks, approved thg formulated contributions,
acquainted myself with the attached scientific publications and citations, and established the
following:

e All requirements of the Act on Development of the Academic Staff in the Republic of
Bulgaria and the corresponding Regulations have been met;

e The requirements of the Regulations on the Terms and Procedures for Acquiring Scientific
Degrees at the Technical University of Sofia have been met.

Therefore, with full reason and complete conviction, I propose:

That Krasimir Veselinov Nikolov, M.Sc. Eng be awarded the educational and scientific
degree "DOCTOR" (PhD) in the field of higher education 5. Technical Sciences, professional
direction 5.1. Mechanical Engineering and scientific specialty "Structural Mechanics and Strength

of Materials .

Date: 21.05.2026 REVIEWER: (//

(Assoc. Prof. D.Sc. Anastas Ivanov Ivanov)
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